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摘  要 
 







对象，选择 4 种常见底栖生物--菲律宾蛤仔（Ruditapes philippinarum）、葡萄牙
牡蛎（Crassostrea angulata）、白脊藤壶（Balanus albicostatus）和翡翠贻贝（Perna 





1. 在本研究中，西格织纹螺偏好于摄食菲律宾蛤仔（平均摄食率为 3.4 




2. 本研究所选的 4 种生物体内 6 种金属的浓度不同，白脊藤壶体内 As、Pb
和 Zn 的浓度最高，葡萄牙牡蛎体内 Ag、Cd 和 Cu 的浓度最高。在 4 种生物体
内，大部分金属主要以细胞碎片和富金属矿体的形式存在，另外，类金属硫蛋白
组分也是金属储存的重要库。6 种金属在 4 种饵料生物体内生物可利用组分中的
比例不同，从而影响其生物可利用性。 


















具有较大差异，Ag 的食物链传递因子最高为 251，Pb 的食物链传递因子均小于
1。翡翠贻贝和菲律宾蛤仔实验组具有较高的食物链放大作用。西格织纹螺内脏




脏中，除 As 和 Cd 外，绝大多数实验组中金属的亚细胞分布均发生了显著变化，
即使是在金属含量没有发生明显改变的实验组，表明饵料类型可显著改变西格织
纹螺内脏的金属亚细胞分布。 























In recent years, increasing human activities have seriously polluted the aquatic 
environment. Heavy metal was the major pollutant in marine environment. Dietary 
exposure was the main pathway of metal accumulation in benthic animals. Benthic 
animals can accumulate metal by bio-magnification along the food chain, which may 
threaten organism and benthic ecosystem. Nassarius was the common benthic species 
in intertidal areas and widely distributed in southeast China. Nassarius was at higher 
trophic level, which may accumulate more metal.  
Present research chooses the Nassarius siquijorensis and four common natural 
preys (clam: Ruditapes philippinarum, oyster: Crassostrea angulata, barnacle: 
Balanus albicostatus and mussel: Perna viridis) as research objective. We investigate 
the trophic transfer and bioaccumulation of six metals (Ag, As, Cd, Cu, Pb and Zn) in 
four preys and Nassarius siquijorensis after exposure of eight weeks. This research 
aims to investigate the trophic transfer and bioaccumulation of six metals and 
potential toxicity effects. 
The main results are as follows: 
1. In present study, N. siquijorensis prefer feeding on clam to other three species 
(average feeding rate: 3.4 mg/ind/day). After exposure of eight weeks, Condition 
Index of snails decreased in all treatments. Obvious decreasing trend was found in 
the treatment which feed on barnacle and mussel, which may be related to the 
metal content and nutrient of preys, reproduction and new shell growth. 
2. The four species can accumulate six metals at different levels. Obviously, barnacle 
and oyster can accumulate more metals in their bodies. In general, most metals 
were bound to cellular debris and metal rich granule fraction in four species, 
metallothionein-like protein fractions was also an important metal storage pool. 
Metals distribution in trophically available metal fraction was different among 
four species, which may have different bioavailability. 















muscle, which indicates that the viscera was the main site for metal accumulation. 
After dietary exposure, metal accumulation in N. siquijorensis was related to prey 
type. Metal concentration in N. siquijorensis viscera which feeding oyster and 
barnacle was obviousely higher than other treatments. Trophic transfer factor of 
metal was also related to the prey type and varied among different metals, the 
highest TTF of Ag was 251 while the TTF of Pb was lower than 1. Higher 
bio-magnification was found in the treatment that feeding mussel and clam. Metal 
accumulation in N. siquijorensis was related to the metal distribution in trophically 
available metal fraction in preys. Positive correlation was found between metal 
accumulated concentration in snails and metal content in trophically available 
metal fraction in four preys. 
4. Before dietary exposure, subcellular metal distribution in N. siquijorensis muscle 
and viscera was similar, and cellular debris (>50%) was the main storage site for 
most metals. After dietary exposure of eight weeks, there is no obviouse change in 
subcellular metal distribution of N. siquijorensis muscle. In viscera, subcellular 
metal distribution changed in most experiment treatment, even in the treatment 
that there is no obvious metal accumulation. Therefore, prey type can obviously 
influence the subcellular metal distribution in N. siquijorensis viscera. 
5. Feeding four preys can induce the metallothionein in both N. siquijorensis muscle 
and viscera at different levels, which can regulate the metal storage, transport and 
metabolism or metal detoxification. Positive correlation was found between 
metallothionein content and concentration of six metals in N. siquijorensis muscle, 
while no correlation was found in N. siquijorensis viscera. Therefore, 
metallothionein can be a better sensitve biomarker to metal stress in N. 
siquijorensis muscle. Feeding natural preys can activate or inhibit the 
superoxidase dismutase activity in both N. siquijorensis muscle and viscera, which 
indicate that metal accumulation may cause oxidative damage to N. siquijorensis. 
















一 前 言 
1.1  海洋中的重金属 









































图 1.1 海洋中重金属的来源和归宿（引自贺亮，2006） 
Fig.1.1 The source and fate of metals in marine environment 
 









































































1.2  我国近海海洋环境和海洋生物重金属污染状况 



































































1.2.2  我国近海海洋生物重金属污染状况 
在过去的几十年里，有很多学者调查研究了我国各海域海洋动物体内的重金
属污染状况。吕海燕等[21]调查研究了浙江沿岸贝类生物体内重金属 Hg、Cd、Pb
和 As 的含量，结果表明，除个别样品中 Cd 和 As 的含量偏高外, 其它样品均低
于国家海洋贝类生物质量一类或二类标准。黄宏瑜等[22]对珠海市水产品中 Hg、
Cd、Pb 和 As 的污染状况进行监测，结果表明，少数底栖海鱼、甲壳类和贝类体
内 Cd 和 Pb 的含量超过了国家食品安全卫生标准。王文琪[23]的研究发现，1997
年胶州湾菲律宾蛤仔（Ruditapes philippinarum）体内 As、Cd、Cr、Cu、Hg、Pb
和 Zn 的浓度分别是 1990 年的 9、6、8、3、205、2 和 3 倍；在翡翠贻贝（Perna 




超标的重金属主要有 Cu、Zn 、Pb、Cd 和 As。蒋长征等[25]对宁波市场水产品中
的重金属含量进行调查和评价的结果表明，Pb 的超标率为 0.4%，As 的超标率为
19.1%，Cu 的超标率为 0.4%，Zn 的超标率为 0.4%，Mn 的超标率为 6.9％，Cr





Cu、Hg 和 As 的含量均低于 GB18406.4-2001 的限量标准，但 Pb 的超标率为 20％，
Cd 的超标率为 100％。Cheung 等[28]调查了珠江三角洲淡水鱼和海鱼体内的重金
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